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MANAGEMENT SYSTEMS ON PRODUCTION AND PHYSICOCHEMICAL
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ABSTRACT - Fig (Ficus carica L.) is widely accepted due to its organoleptic and pharmacological properties.
Search for innovations to improve the crop management has increased to reduce environmental impacts and
improve the organoleptic quality and food safety of the fruits. Thus, this study aimed to evaluate the influence
of fertilization methods and plant training systems on the production and physicochemical traits of fig. The
experiment was carried out in a randomized complete block design in a 5 x 4 factorial scheme, with three
blocks and three plants per plot. The factors corresponded to five fertilizers (chemical, cattle manure, sheep
manure, poultry litter, and organic compost) and four training systems (two branches, three branches, four
branches, and espalier). Results showed that, when using chemical fertilizer and poultry litter, plants showed
similar productivity and number of fruits, which had similar firmness, length, and peel color (L and °h). The
highest production and number of immature fruits were obtained using cattle manure. Soluble solids content
and soluble solids content/ titratable acidity ratio were higher in fruits from plants fertilized with cattle manure,
sheep manure, and organic compost. On the other hand, plants trained with three and four branches or in
espalier produced fruits with the highest soluble solids content and weight. Also, heavier fruits were obtained
using chemical fertilization and conducting plants with two, three, and four branches.

Keywords: Ficus carica L.. Formative pruning. Organic fertilizer. Organoleptic quality. Organic production.

SISTEMAS DE MANEJO E CARACTERISTICAS PRODUTIVAS E FiSICO-QUIMICAS DE
FRUTOS DE FIGO CULTIVADOS CONVENCIONAL E ORGANICAMENTE

RESUMO - A figueira (Ficus carica L.) é amplamente aceita devido as suas propriedades organolépticas e
farmacoldgicas. A busca por inovagdes para aprimorar o manejo da cultura tem aumentado para reduzir os
impactos ambientais e melhorar a qualidade organoléptica e a seguranca alimentar dos frutos. Assim, este
trabalho teve como objetivo avaliar a influéncia de métodos de fertilizagdo e sistemas de treinamento de plantas
na produgdo e nas caracteristicas fisico-quimicas da figueira. O experimento foi conduzido em delineamento de
blocos casualizados em esquema fatorial 5 % 4, com trés blocos e trés plantas por parcela. Os fatores
corresponderam a cinco fertilizantes (quimico, esterco bovino, esterco ovino, cama de aviario e composto
orgénico) e quatro sistemas de treinamento (dois ramos, trés ramos, quatro ramos e espaldeira). Os resultados
mostraram que, com o uso de fertilizante quimico e cama de frango, as plantas apresentaram produgao,
rendimento e niumero de frutos semelhantes, com firmeza, comprimento e cor de casca semelhantes (L e °h). A
maior produtividade e nimero de frutos imaturos foram obtidos com esterco bovino. O teor de sélidos soluveis
e a relagdo teor de sdlidos soluveis / acidez titulavel foram maiores nos frutos provenientes de plantas
fertilizadas com esterco bovino, esterco ovino e composto organico. Por outro lado, plantas treinadas com trés e
quatro ramos ou em espaldeira produziram frutos com maior teor de solidos solveis e peso. Além disso, frutos
mais pesados foram obtidos usando fertilizagdo quimica e plantas condutoras com dois, trés e quatro ramos.

Palavras-chave: Ficus carica L.. Poda de formacdo. Fertilizante organico. Qualidade organoléptica. Produgao
organica.
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INTRODUCTION

Fig (Ficus carica L.) has high production
potential in the semiarid region because the climatic
conditions of this region can favor its growing.
Constant and high temperatures in the semiarid
region can shorten the crop cycle relative to other
regions. In addition, the low air relative humidity
decreases the incidence of Cerotelium fici, the main
pathogen of fig.

Although fig can easily adapt to climatic
conditions, its growth and development vary in
different environments (AMMAR et al., 2020). Thus,
crop management may improve the plant vegetative
growth, productivity, and fruit quality, in addition to
reducing the attack of phytopathogens and
maximizing the effect of phytosanitary treatments.
Moreover, studying management systems in adaptive
environments allows obtaining new and viable
growing methods.

On the other hand, both pre- and post-harvest
management practices in agricultural systems can
significantly affect the organoleptic quality of
produce (MDITSHWA et al., 2017). Using organic
fertilizers in agriculture has shown promise for
improving the physical, chemical, and biological
properties of the soil and the water dynamics. Also,
organic production has increased due to the search
for safe, healthy and beneficial foods for human and
animal health, due to the disclosure of cases
reporting the presence of contaminants in fruits and
vegetables from conventional management practices
(PAOLETTI, 2015; SUNDRUM, 2010).

Several studies showed that organic
cultivation improves fruit quality, both the
organoleptic and the nutritional properties. In a meta-
analysis with 41 studies, Worthington (2001)
observed that the vitamin C content and other
compounds were higher in fruits from organic
cultivation. Other studies also demonstrate that
organic cultivation improves the organoleptic and
nutritional quality of produce (AMODIO et al.,
2007; CARDOSO et al., 2011; D’EVOLI et al,,
2013; DESHMUKH et al., 2011; LETAIEF et al.,
2016).

Although the conventional cultivation system
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increases the plant potential and reduces costs in
agricultural systems (MDITSHWA et al., 2017), it
negatively impacts the environment (SUNDRUM,
2010), as well as the nutrition and quality of fruits
(PAOLETTI, 2015). Observing the differences in

organoleptic =~ quality in  organically and
conventionally cultivated fruits is extremely
important.

Under organic and conventional production,
plants respond differently to the types of
management, which thus affects the organoleptic
quality of fruits. However, several factors may
impact the quality of the produce, such as climatic
conditions, organic and chemical fertilizers used, and
decomposition and mineralization processes.

As studies have been limited to comparing
different organic sources, research on the interaction
between organic and chemical fertilization and plant
training systems is scarce. Thus, this work aimed to
evaluate the production and physicochemical traits of
fig produced under different training systems and
organic and conventional fertilization.

MATERIAL AND METHODS

Experimental area

The experiment was carried out at the Rafael
Fernandes Experimental Farm (5°03'37" S, 37°23'50"
W, flat relief, 78 m above the sea level), Federal
Rural University of the Semiarid Region (UFERSA),
Mossord city, Rio Grande do Norte state, Brazil. The
climate of the region is classified as BSw'h according
to Koppen’s classification, which is hot tropical
semiarid with well-defined seasons: dry (prolonged)
and humid (short and irregular). The natural
vegetation is hyper xerophilous Caatinga. The soil at
the experimental farm is classified as a Argissolo
Vermelho distrofico tipico (Ultisol) (REGO et al.,
2016).

During the experimental period, maximum,
average, and minimum temperatures, rainfall, and
relative humidity were recorded (Figure 1). The
climatic data (available at Hobolink) were obtained
from the ASA weather station (Meliponario
Imperatriz) situated at the experimental farm.
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Figure 1. Climatic data during the experiment in 2019. Temperature, relative humidity, and rainfall (A), and wind speed

and solar radiation (B) in semiarid conditions. Mossoro, RN.
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Growing conditions and experimental design

The “Roxo-de-Valinhos” fig trees used in the
experiment were 2 years old and were planted in the
experimental area with a spacing of 3 x 2 m. The

1.80m
1.80m

plants used in the experiment were 40 cm tall, with
different formation structures: two, three and four
primary branches per plant, distributed in the shape
of a tray, and plants with two primary branches in a
vertical espalier (Figure 2).

1.80m

Figure 2. Fig plants conducted with two (A), three (B) and four (C) primary branches and espalier systems (D).

The plants conducted under the espalier
system were first pruned at 40 cm in height. Then,
two primary branches with 1.0 m length were tied
horizontally on each side on steel cables. The
espalier structure was built using four wooden posts
spaced 10 m. The steel cables were stretched at 0.40,
0.80, and 1.80 m height above the soil (Figure 2D).

The first fruit pruning was performed on
March 15, 2019. The primary branches from all
plants were pruned to 5 cm in length to allow the
sprouting of up to three vegetative buds per branch.
Twenty days after pruning, thinning was carried out
so that each plant remained with two productive
branches per primary branch (two branches — four
productive branches (Figure 2A); three branches —
six productive branches (Figure 2B), and four
branches — eight productive branches (Figure 2C). In
the espalier system, the vertical branches were
pruned close to the horizontal branch, thus allowing
the growth of new branches. For each side of the
horizontal branches, three productive branches were
left, totaling 6 productive branches per plant (Figure
2D).

After fruit pruning, the plants were
conventionally and organically fertilized. The

conventional (mineral) fertilization was 80 g
nitrogen, 60 g potassium, and 60 g phosphorus as
urea (46% N), potassium chloride (60% K), and
monoammonium phosphate (52% P,0:s),
respectively. In turn, the organic sources were
organic compost, cattle manure, sheep manure, and
poultry litter (chemical characteristics shown in
Table 1). Poultry litter was applied fresh while the
other organic sources were composted according to
Preusch, Takeda and Tworkoski (2004) before use.
N and K fertilizers were split into three applications:
the first at pruning and the remaining every 20 days
after pruning. For organic fertilization, each plant
received 10 kg of each organic source according to
treatments. The application and incorporation were
performed according to Leonel and Reis (2012).

The experimental design was completely
randomized blocks in a 4 X 5 factorial scheme, with
three blocks and three plants per plot. The factors
were the four types of formative pruning (plants with
two branches, three branches, four branches and
under espalier system) and five fertilization
managements (mineral fertilizers as N, P, K, and
organic fertilizers as organic compost, sheep manure,
cattle manure, and poultry litter).

Rev. Caatinga, Mossoro, v. 34, n. 4, p. 867 — 878, out. — dez., 2021 869



MANAGEMENT SYSTEMS ON PRODUCTION AND PHYSICOCHEMICAL TRAITS OF FRUITS OF CONVENTIONALLY AND
ORGANICALLY GROWN FIG

E. A. MOURA et al.

Table 1. Chemical characteristics of soils after the end of the experiment.

Samples S P B o M

N g kg-1 0.53 0.43 0.40 0.80 0.37
pH (H,0) 8.47 8.50 8.60 8.53 8.50
MO g kg-1 9.93 8.18 10.89 13.16 11.06
P 8.13 27.13 8.33 12.70 18.30
K ---mg dm’--- 99.13 97.77 81.77 82.87 83.63
Na' 56.13 62.83 31.07 37.20 51.30
Ca®? 2.23 2.17 1.90 2.07 2.10
Mg emole dm e 0.53 0.63 0.53 0.53 0.43

(H'Al) 0 0 0 0 0

SB 3.26 3.32 2.78 2.97 2.92
t 3.27 3.33 2.80 2.97 2.97
CTC o 3,26 3,32 2,78 2,97 2,95
\Y% 100 100 100 100 100
PST 5.67 8.33 5.33 7.33 7.33

*soils with sheep manure - S; soils with poultry litter - P; soils with bovine manure - B; soils with organic compost - O;

soils with mineral fertilizers - M.

Phosphorus (P) and potassium (K*): mehlich™
extractor; calcium (Ca®"), magnesium (Mg’"), and
exchangeable aluminum (AI’): KCI' molL™
extractor; potential acidity (H + Al): SMP extractor.
SB = sum of bases; CECt = effective cation
exchange capacity; V = base saturation.

Production variables

Productivity was determined as the weight of
commercial and immature fruits harvested three
times a week and results were expressed in kg per
plant. The productivity of all fruits was determined
as the production per planting area, then multiplied
by the number of plants, and results were expressed
astha.

Moreover, the number of fruits per plant was
evaluated by counting the number of commercial,
immature, and injured fruits, and total number of
fruits. Commercial fruits were those destined for
fresh consumption while injured fruits are those
without commercial standard, due to physiological,
physical, or environmental damage. When all
commercial fruits were harvested, immature fruits
were also collected to quantify their productivity.

Postharvest quality of fruits

To determine the average length, diameter,
and weight of fruits, ten fruits per plant were
evaluated, totaling 30 fruits per plot. All fruits were
harvested at the same ripening stage and measured
using a digital caliper (+ 0.01 mm). The average

weight was determined using an analytical scale and
results were expressed as g (£ 0.01).

To evaluate peel color and firmness, ten fruits
per plot were used. Peel color was determined using
a digital colorimeter (Chroma Meter 400/410,
Minolta Corp., Osaka, Japan), and two readings were
performed on opposite sides of the fruit. The
CIELCH space was used: lightness (L*), chroma
(C*), and hue angle (°H).

Firmness was determined using a digital
texture analyzer (TA.XTExpress / TA.XT2icon,
Stable Micro Systems) equipped with a 5 mm
diameter tip. Two readings were performed on
opposite sides of the fruit, and results were expressed
as Newton (N).

The organoleptic properties of fruits were
evaluated using 12 fruits per plot, harvested at a 75%
maturation stage. Soluble solids (SS) content was
determined directly in the homogenized pulp using a
digital refractometer (PR - 100 model, Palette, Atago
Co, LTD., Japan), with duplicate readings and results
expressed as °Brix (AOAC, 2012).

Titratable acidity (TA) was determined by
titration, using 1.0 g pulp diluted with 50 mL
distilled water in a 125 mL Erlenmeyer. Then, the
solution was titrated in duplicate with 0.1 M NaOH
until 8.1 pH and results were expressed as g citric
acid 100 g fresh weight (AOAC, 2012). Hydrogen
potential (pH) of pulp was determined using a
potentiometer ~ with ~ automatic  temperature
adjustment (Model mPA-210 Tecnal®, Brazil),
previously calibrated with 7.0 and 4.0 pH buffer
solutions (AOAC, 2012). The maturation index was
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calculated as SS/TA ratio.

Vitamin C content was determined by
titration with Tilman's solution (0.02% DFI - 2.6
dichloro-phenol indophenol) as proposed by
Strohecker and Henining (1967). 1.0 g homogenized
pulp was used for dilution to 100 ml with 0.5%
oxalic acid in a volumetric flask, and results were
expressed as mg ascorbic acid (AsA) 100 g fresh
weight.

Statistical analysis

Data were tested for normality according to
the Shapiro-Wilk test and for homogeneity of
variances according to Bartlett test (p<0.05). When
normality and homogeneity assumptions were met,
data were submitted to two-way analysis of variance
by the F test (p<0.05) followed by the Tukey test
(p<0.05) to group means. All statistical analyses
were performed in R software (R CORE TEAM,
2020).

RESULTS AND DISCUSSION

Production variables

The commercial production of fruits was

higher with chemical fertilization and with poultry
litter (p>0.05). These led to higher means than
organic compost and sheep manure (p<0.05).

The productivity of all commercial fruits
under chemical fertilization, and organic fertilization
using poultry litter, are equivalent to the average
productivity in Brazil (10.18 t ha™)(FAO, 2017).
Under chemical fertilization, plants produced
10.76% more, on average, as compared to plants
under organic fertilization using poultry litter, and
34.14% more as compared to plants fertilized with
cattle manure. Such results were similar to those
found by Conti et al. (2014), who obtained 50%
higher production of strawberries under chemical
fertilization as compared to fertilization with cattle
manure. In a meta-analysis of 316 studies, Seufert,
Ramankutty and Foley (2012) observed that the
production under conventional fertilization can
exceed by 5% the production under organic
fertilization due to variation in climate and soils in
Leguminosae and perennial crops, 13% under good
organic practices, and 34% when conventional and
organic management systems are more comparable.
Therefore, under good management conditions,
productivity under organic management systems,
with poultry litter, can be equivalent to that obtained
in a conventional system, as we observed in the
present study (Table 2).

Table 2. Productivity of commercial, immature, and injured fruits of fig plants grown under organic and conventional

fertilization in semiarid conditions.

Commercial Immature Injured Total
Fertilizer
Productivity (t ha™)

Organic compost 3.18+2.72¢ 0.48+0.37b 0.19+0.23b 3.85+2.91c
Cattle manure 5.32+3.74bc 1.13+0.48a 0.40+0.26bc 6.85+4.18abc
Sheep manure 4.89+2.90c 0.61+0.66b 0.41+0.26bc 5.9143.01bc

Poultry litter 8.32+3.29ab 0.35+0.26b 0.61+0.44ab 9.28+3.66ab
Chemical fertilizer 9.63+2.12a 0.66+0.46b 0.96+0.40a 10.40+4.17a
CV (%) 44.66 61.81 61.11 47.98

Values are mean + standard deviation. Means followed by same letter in column are not significantly different by the Tukey

test (p > 0.05).

Poultry litter is generally richer in nutrients
such as nitrogen, calcium, and phosphorus as
compared to other organic sources such as cattle
manure and organic compost (ABREU et al., 2010).
However, a situation observed in the study (Table 1),
since the poultry litter used by us had the highest
phosphorus content, which may explain the higher
fruit productivity obtained with this material
compared to other organic sources used.

Cattle manure and poultry litter are widely
used as organic fertilizers in agriculture, due to the

high nutrient content they have, which benefits the
physical, chemical, and biological attributes of the
soil and release to plants (PITTA et al., 2012).
However, organic fertilizers may have low efficacy
due to improper use and lack of information on the
quantity to apply (PITTA et al., 2012; SILVA et al.,
2014). Thus, nutrient availability at the right time
can vary, so that it is necessary to know the
dynamics of decomposition and nutrient release of
organic fertilizers to synchronize application with
the time when plants demand more nutrients (PITTA
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etal., 2012; SILVA et al., 2014).

The productivity of immature fruits was
higher using cattle manure as compared to the other
fertilizers (p<0.05). Furthermore, fruit losses
occurred during development due to the attack of
birds and insects, such as the longhorn beetle
Dorcacerus barbatus (Cerambycidae). The highest
number of injured fruits, classified as unmarketable
fruits, were observed under conventional fertilization
and using poultry litter (p>0.05) (Table 2).

Under the semiarid conditions, poultry litter
decomposes faster in the first 30 days as compared to
cattle manure, decreasing afterward, due to its lower
C/N and lignin/N ratios (SILVA et al., 2014). Also,
in the semiarid region, the first 30 days after pruning
are crucial for fig plants because of the fast growth
and development of productive branches, leaves, and
fruits in this phase (SILVA et al., 2017). Therefore,
it may explain the higher fruit productivity under
poultry litter fertilization, as compared to the other
organic fertilizers used. Furthermore, the slow

decomposition of cattle manure may delay plant
growth and development, which thus evidenced the
higher production of immature fruits at harvest.

Several studies have demonstrated the
benefits of organic fertilization to plants
(DALASTRA et al.,, 2009). However, only cattle
manure has been used as organic fertilizer, which
makes it difficult to analyze the effect of different
organic sources on crops. Analyzing the application
of cattle manure in figs, Dalastra et al. (2009)
reported low productivity, around 6.3 t ha”', and
Caetano and Carvalho (2006) obtained 7.5 t ha™, on
average.

Regarding the average number of fruits per
plant, plants fertilized with cattle manure showed the
highest number of immature fruits, significantly
differing from the other treatments (p<0.05). The
number of commercial fruits and total number of
fruits were higher under mineral fertilization and
using poultry litter (p>0.05) (Table 3).

Table 3. Number of immature and commercial fruits of fig plants grown under different training systems and organic and

conventional fertilization in semiarid conditions.

Number of fruits

Fertilizer -
Commercial

Immature Total

49.83+40.85¢
88.75+57.35bc
84.75+54.72bc

Organic compost
Cattle manure
Sheep manure

27.08+15.75b 74.54+38.32¢
50.08+21.67a 138.83+67.11bc
28.12+26.83b 112.62+49.85bc

Poultry litter 145.17+66.05ab 22.75+13.73b 167.92+69.38ab
Chemical fertilizer 184.20+63.30a 27.75+15.71b 211.83+£71.77a
CV (%) 52.69 56.61 42.68

Values are mean + standard deviation. Means followed by same letter in column are not significantly different by the Tukey

test (p > 0.05).

Physicochemical traits of fruits

The average length of fruits from plants
conducted with two branches, three branches or
under espalier system was not affected by the
fertilization management (p>0.05). However, plants
conducted with four branches showed larger fruits in
length when they were fertilized with cattle manure,
poultry litter, or chemical fertilizer (p>0.05) (Table
4).

Plants fertilized with sheep manure and
chemical fertilizer showed no significant difference
in fruit length for the tested training systems
(p>0.05) (Table 4). Plants fertilized with organic
compost showed the largest fruits in length when
conducted with two branches, not differing from
plants with three branches and under espalier system,
but differing from plants with four branches
(p<0.05). In turn, plants fertilized with poultry litter
had the highest average fruit length when conducted
with four branches, with no significant difference
from plants with three branches, but differing from

plants with two branches and under espalier system
(p<0.05) (Table 4).

For average fruit diameter (FD), plants
conducted with two or three branches and under
espalier showed no significant difference (Table 4).
Whereas in plants with four branches, the largest
fruits in diameter were observed under mineral
fertilization, with no significant difference as
compared to plants fertilized with cattle and sheep
manure, but differing from plants fertilized with
poultry litter (p<0.05).

Regarding fruit length and diameter, the
number of productive branches and fruits produced
by the plants significantly affect fruit size. Plants
with four primary branches have eight productive
branches, which, therefore, demand a greater amount
of photoassimilates during fruit growth and
development than plants with fewer branches.

Smaller fruits in diameter in plants fertilized
with poultry litter may be due to the fast
decomposition rate of this organic material. During
the development, fruits increase faster in diameter
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right after their establishment, thus requiring greater
nutrient supply in this phase (SILVA et al., 2017).
As compared to plants fertilized with other organic
materials, plants with four branches and fertilized

with poultry litter produced many fruits, and the
fertilizer may not have met the nutritional need for
fruit growth.

Table 4. Interaction between training systems and fertilizers for length (FL) and diameter of fruits of fig plants grown in

semiarid conditions.

e Two branches Three branches Four branches Espalier
Fertilizer
Length (mm)
Organic compost 51.05+0.89aA 50.06+0.41aAB 46.48+2.27cB 50.02+1.50aAB

51.75+2.80aAB
50.07+0.57aA

Cattle manure
Sheep manure

53.03+0.69aA
50.71+1.80aA

53.3942.27aA
47.46+4.37bcA

48.29+1.69aB
49.79+1.46aA

Poultry litter 49.444+0.19aB 51.43+0.21aAB 53.35+£2.05aA 48.78+0.05aB
Chemical fertilizer 52.82+1.25aA 52.90+1.29aA 51.28+1.73abA 51.79+1.31aA
CV (%) 3.40

Diameter (mm)

50.13+1.60aAB
49.41+1.61aA
47.58+1.52aA

Organic compost
Cattle manure
Sheep manure

47.73+£2.12aBC
50.30+1.60aA
50.16+1.53aA

44.84+1.80cC
49.27+1.36abA
50.59+1.04abA

51.75+1.52aA
50.36+1.48aA
48.24+1.54aA

Poultry litter 50.40+1.72aA 49.51+1.31aA 48.28+1.15bA 50.3140.63aA
Chemical fertilizer 50.36+1.42aA 50.16+0.43aA 52.40+0.88aA 50.45+0.09aA
CV (%) 2.85

Values are mean + standard deviation. Means sharing an uppercase letter in row or lowercase in column for each variable
are not significantly different according to the Tukey test (p > 0.05).

Plants fertilized with cattle manure, sheep
manure, poultry litter and chemical fertilizer showed
no significant difference in fruit diameter (p>0.05).
However, when fertilized with organic compost,
plants had the largest fruits in diameter under
espalier system, not differing from plants with two
branches, but significantly differing from plants
conducted with four branches (p<0.05) (Table 4).

Chemical fertilizer, poultry litter, and cattle
manure may release nutrients available to plants in
less time, mainly the first two, which explains the
discrepancy relative to organic compost and sheep
manure. Such greater nutritional availability has
been reported in other studies (CONTI et al., 2014;
RECHE et al., 2019). The effect of conventional and
organic fertilization on fruit diameter is inconsistent
in the literature. For passion fruit, there was no
difference in diameter of fruits produced under
conventional and organic fertilization systems
(OLIVEIRA et al., 2017). On the other hand, apples
and jujube fruits produced under conventional
fertilization were larger in diameter than fruits under
organic fertilization (RECHE et al., 2019).

For fruit firmness, the highest averages were
observed in plants conducted with two or three
branches, under the espalier system, and chemical
fertilization. However, there was no statistical
difference in firmness when plants were organically
fertilized with poultry litter, sheep manure, or cattle
manure (p>0.05) (Table 5).

Firmness is one of the main attributes for
assessing fruit quality. Firmness loss is directly
associated with loss of cell turgor, making it one of
the main problems for producers and industries

(MDITSHWA et al., 2017). Studies have shown the
effect of fertilization management on fruit firmness.
In kiwi, the greatest firmness was observed in fruits
produced wunder conventional fertilization as
compared to organic one (AMODIO et al., 2007). In
contrast, higher firmness was observed in organic
fruits (D’EVOLI et al., 2013). One of the causes of
low firmness may be due to low Ca®" supply to
fruits. In addition, high nitrogen and potassium
supply to plants can reduce fruit firmness, because
these nutrients can neutralize the absorption of Ca*"
(AMODIO et al., 2007).

The highest average fruit weight was
observed in plants conducted with two branches and
under mineral fertilization, being statistically higher
than the values of those under fertilization with cattle
manure and poultry litter (p<0.05). Plants with four
branches produced the smallest fruits when fertilized
with organic compost, being statistically inferior to
plants fertilized with chemical fertilizer (p<0.05).

Higher fruit weight in plants with two
branches may be favored by better photoassimilate
partitioning. Similarly, plants under organic compost
fertilization had a smaller number of fruits, which
may have favored photoassimilate partitioning.
Under chemical and poultry litter fertilization, fruit
weight may be positively affected, with the
exception of chemical fertilizer in the espalier
system. Poultry litter released nutrient faster than the
other organic fertilizers, decreasing gradually.
Chemical fertilizers, in turn, provide readily
available nutrients for plant uptake (CONTI et al.,
2014; RECHE et al., 2019).
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Table 5. Interaction between training systems and fertilizers for firmness, hue angle, and weight of fruits of fig plants
grown in semiarid conditions.

Two branches Three branches Four branches Espalier
Fertilizer
Firmness (N)

Organic compost 4.25+0.27bA 2.57+0.93bA 2.24+0.64aA 2.30+0.96bA
Cattle manure 2.94+0.60bA 2.61+1.11bA 4.94+2.37aA 4.84+1.88abA
Sheep manure 3.54+0.07bA 4.78+2.83abA 3.51+1.69aA 2.43+0.43bA

Poultry litter 4.88+3.20abA 5.19£1.68abA 3.88+3.23aA 5.21£0.31abA
Chemical fertilizer 7.41£2.01aA 7.75+0.76aA 4.32+0.24aB 5.74+0.38aAB
CV (%) 30.94
Hue angle (H)
Organic compost 33.55+4.52bB 36.32+2.72bcAB 44.22+0.40aA 27.37+£5.52bB

Cattle manure
Sheep manure
Poultry litter

Chemical fertilizer

38.234+3.05bA
35.88+9.16bB
50.82+6.87aA
49.1143.08aA

36.15+1.34bcA
52.66+1.40aA
33.59+4.81cBC
44 .45+5.42abA

40.57+6.70aA
38.60+3.88aB
26.18+2.36aC
45.26+5.15aA

34.56+2.51abA
33.9843.68abB
36.80+0.09abB
39.89+1.22aA

CV (%)

Organic compost
Cattle manure
Sheep manure

Poultry litter

Chemical fertilizer

55.55+4.99abAB
52.7242.82bA
50.17+2.96bB
55.13+1.92abA
60.47+2.60aA

57.80+4.82aA
57.76+5.90aA
55.46+2.99aA
54.45+2.94aA
53.55+1.27aB

CV (%)

10.74
Fruit weight (g)

58.68+0.56aA 46.19+£5.81bB
56.60+3.86aA 53.99+5.44abA
57.2343.35aA 56.07+2.21abA
55.574£2.08aA 54.99+2.83abA
59.70+1.39aAB 59.86+2.54aAB

5.54

Values are mean + standard deviation. Means sharing an uppercase letter in row or lowercase in column for each variable

are not significantly different according to the Tukey test (p > 0.05).

Higher fruit weight in plants with four
branches may be favored by the greater capacity of
organic fertilizers to support plant growth and
development. The plants with four branches and
organically fertilized were the least developed in the
field. Such behavior may be related to the lower
production and number of fruits. A good
development favors a high photosynthetic rate in
plants, which thus provide higher photosynthate
content for the full development of the fruits.

Fruit weight was similar in plants with three
branches or under espalier in all tested fertilization
methods (Table 5). Likewise, plants fertilized with
cattle manure and poultry litter showed fruits with
similar weights in all training systems (p>0.05). On
the other hand, using organic compost, plants with
three branches produced fruits with higher weight,
statistically higher than plants with four branches
(p<0.05) (Table 5).

Using sheep manure, plants with three or four
branches, or under the espalier system, produced

fruits with the highest weights, higher than those of
plants with two branches (p<0.05). Differently, using
chemical fertilization, plants with two branches
produced fruits with higher weight, significantly
higher than the values of those in espalier systems
(p<0.05) (Table 5).

Plants with two, three, and four branches
produced heavier fruits when they were chemically
fertilized, which can be explained by the greater
availability of nutrients for plants (CONTI et al.,
2014; RECHE et al., 2019). However, this was not
observed for plants under the espalier system. The
low productivity in plants under the espalier system
may be due to their position in the sun, which may
influence their photosynthetic rate (ALCOBENDAS
etal., 2012).

The training system and fertilization method
did not affect titratable acidity and chroma (C)
(p>0.05), while soluble solids (°Brix) and lightness
(L*) were affected only by fertilization (p<0.05).
The highest SS contents were obtained using organic
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compost and cattle manure (p>0.05). However, the
SS found wusing cattle manure did not differ
statistically when using the other fertilizers, organic
and chemical (p>0.05) (Table 6). L* values were

higher under chemical fertilization, being
significantly higher than that obtained with cattle
manure (p<0.05) (Table 6).

Table 6. Soluble solids (°Brix) and lightness (L) of fig plants grown in different training systems and under organic and

conventional fertilization in semiarid conditions.

Chemical traits

Fertili - -
ertilizer Soluble Solids Lightness (L)
Organic compost 15.00+2.66a 45.22+4.09ab
Cattle manure 13.20+2.01ab 42.374£5.75b

Sheep manure 12.01+1.70b 46.68+4.52ab

Poultry litter 11.5842.22b 48.07+6.04ab

Chemical fertilizer 11.54+1.27b 50.09+2.48a
CV (%) 12.99 10.56

Values are mean + standard deviation. Means followed by same letter in column are not significantly different by the Tukey

test (p > 0.05).

Differences in plant responses to organic
fertilization can be explained by the chemical
composition of these materials. Organic compost and
cattle manure showed the lowest Ca*" and Mg*
contents as compared to the other materials. It may
have favored the uptake of K*, which competes for
the same absorption site in the plant.

Lightness (L) and hue angle (H) of fruits were
lower under organic compost fertilization, which
indicates that fruits were more reddish, thus riper,
than under the other fertilization managements.
Similarly, more reddish strawberries were harvested
from plants under organic fertilization as compared
to plants under chemical fertilization (VINHA et al.,

2014). Nonetheless, several factors, such as the
management practices, maturation stage (most
important for fruit color), sunlight incidence, and
nutrient supply, can affect the physicochemical traits
of fruits and must be taken into account
(BRUNETTO et al., 2015; MDITSHWA et al.,
2017).

The highest SS/TA was obtained in fruits
from plants with three branches fertilized with cattle
manure, which was statistically higher than the
values obtained with sheep manure, poultry litter and
chemical fertilizer (p<0.05). In plants with four
branches, the highest SS/TA was obtained using
poultry litter (p<<0.05) (Table 7).

Table 7. Interaction between training systems and fertilizers for soluble solids content/titratable acidity ratio (SS/TA) of

fruits of fig plants grown in semiarid conditions.

Two Three Four Espalier
Fertilizer branches branches branches P
SS/TA
Organic compost 77.64+15.79aA 105.38+5.46abA 99.90+2.81aA 93.13+10.71aA
Cattle 91.23+16.51aA 110.91425.81aA 94.90+28.42aA 83.12+19.71aA
manure
Sheep 88.01+12.74aA 74.01422.34bcA 84.81+14.31aA 91.82427.96aA
manure
Pl"l:‘tlet;y 72.13+7.03aB 71.07+11.91bcB 110.9611.31aA 65.2242.66aB
Chemical fertilizer 70.08+18.12aA 60.63+9.35cA 88.56+8.86aA 75.91+6.08aA
CV (%) 17.62

Values are mean + standard deviation. Means sharing an uppercase letter in row or lowercase in column for each variable
are not significantly different according to the Tukey test (p > 0.05).

The organoleptic quality of fruits depends on
sugars and organic acids content. Our results showed
that the fruits with the best organoleptic qualities
were those whose fertilization management and

Rev. Caatinga, Mossoro, v. 34,

training system promoted higher SS and lower TA.
The fertilization method did not affect the

vitamin C content in fruits in plants with two

branches or under the espalier system (p>0.05).
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However, plants with three branches showed the
highest vitamin C content under organic fertilization
using sheep manure or poultry litter and under
chemical fertilization (p>0.05). Fruits showed the
lowest vitamin C content when using organic
compost, not significantly different when using cattle

manure (p>0.05). Plants with four branches showed
the highest vitamin C content when using sheep
manure, which was significantly higher than the
value obtained with cattle manure (p<0.05) (Table
8).

Table 8. Interaction between training systems and fertilizers for vitamin C content and pulp pH of fruits of fig plants grown

in semiarid conditions.

Two

Three

Four

Fertilizer source branches branches branches Espalier
Vitamin C (mg ascorbic acid 100 g™' fresh weight)

Organic compost 70.24+4.45aA 56.93+4.08bB 77.9745.38abA 76.74+ 6.73aA
Cattle manure 67.88+5.07aA 69.534+6.20abA 67.17+6.06bA 70.21£7.03aA
Sheep manure 78.02+£3.50aAB 79.67+£8.32aAB 83.58+5.35aA 67.49+2.17aB

Poultry litter 64.88+6.49aA 71.53+0.72aA 74.70+6.01abA 71.72+ 6.0aA
Chemical fertilizer 72.02+4.86aA 75.33+7.75aA 70.96+6.63abA 77.07+ 7.43aA
CV (%)
Hydrogen potential (pH)

Organic compost 5.34+0.17aBC 5.92+0.26aA 5.0240.09bC 5.44+0.24abB
Cattle manure 5.33+0.33aA 5.5240.19abA 5.49+0.06aA 5.61+£0.27aA
Sheep manure 5.57+0.25aA 5.2840.21bAB 5.56+0.09aA 5.214+0.02abB

Poultry litter 5.26£0.13aA 5.3940.15bA 5.39+0.11abA 5.12+£0.21bA
Chemical fertilizer 5.30+0.10aB 5.35+0.12bAB 5.71£0.12aA 5.40+0.02abAB

CV (%)

3.30

Values are mean + standard deviation. Means sharing an uppercase letter in row or lowercase in column for each variable
are not significantly different according to the Tukey test (p > 0.05).

Fertilization using cattle manure, poultry
litter, or chemical fertilizer did not affect vitamin C
in all training systems (p>0.05). However, using
organic compost, vitamin C was higher in plants
with two or four branches, or under espalier, as
compared to plants with three branches (p<0.05).
Using sheep manure, the highest content was
obtained in plants with four branches, significantly
superior to the value obtained in the espalier system
(p<0.05).

The fertilizer applied and the training system
used strongly influenced the vitamin C content of
fruits, as also stated by Deshmukh et al. (2011) and
Vinha et al. (2014). According to the authors, biotic
and abiotic factors, in organic and conventional
cultivation systems, can influence the content of
bioactive compounds in fruits and vegetables. In a
meta-analysis with 41 studies, Worthington (2001)
observed that vitamin C and other phytochemicals
were higher in plants under organic cultivation.

The antioxidant capacity of produce is
associated with their capacity to neutralize reactive
oxygen species (ROS), and other free radicals
produced by oxidative stress (OLIVEIRA et al,
2017). Vitamin C is one of the main protective
compounds against oxidative damage, along with

other vitamins and polyphenols. Studies have shown
that crops under organic management produce higher
levels of vitamin C than crops under conventional
system (CARDOSO et al.,, 2011; LETAIEF et al.,
2016). For instance, organic tomatoes showed 55%
higher vitamin C content as compared to those
conventionally produced, which was attributed to
stress during organic cultivation.

Few studies report a higher vitamin C content
in conventionally grown crops. Cardoso et al. (2011)
observed higher levels of vitamin C in
conventionally produced strawberries, but did not
find in persimmon (Diospyros kaki). The increase in
vitamin C in conventionally produced fruits is
associated with the application of low N and high K
concentrations (MDITSHWA et al., 2017). In the
present study, the concentrations of N and K
fertilizers were applied as recommended for the
crop.

In plants with two branches, fruit pulp pH
was affected by the fertilization method (p<0.05).
The highest pH was found in fruits from plants with
three branches and fertilized with organic compost
(p<0, 05). With four branches, the highest pH was
obtained when using chemical fertilizer, sheep
manure, and cattle manure, being significantly
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different only from organic compost (p<0.05). Under
the espalier system, the highest pH was found when
using cattle manure, being significantly different
only from poultry litter (p<0.05) (Table 8).

The training system affected pH when plants
were fertilized with cattle manure or poultry litter
(p>0.05). In plants with three branches, pH was
higher when using organic compost (p<0.05). Using
sheep manure, pH was higher in fruits from plants
with two, three, and four branches (p<0.05). Using
chemical fertilizer, the highest pH was obtained in
plants with four branches (p<0.05).

As pH can affect fruit taste, shelf life is a
reliability parameter for the fruit organoleptic
quality. pH increases in organically produced fruits
due to the increase in the concentration of titratable
acids, which are produced by the oxidation of
organic acid skeletons during fruit ripening
(SANTOS et al., 2013). It was observed in organic
tomatoes (VINHA et al., 2014) and Citrus sinensis
(LETAIEEF et al., 2016).

CONCLUSIONS

Fig plants fertilized with poultry litter show
productivity, number of fruits and fruit firmness
similar to those of plants fertilized with chemical
fertilizer; therefore, it can be an alternative in the
organic management of the fig tree.

Fig plants trained with three branches, four
branches, or under the espalier system produce fruits
with better organoleptic qualities.
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